Introduction {#s1}
============

Hip fracture is a worldwide public health problem that primarily affects osteoporotic individuals and the elderly \[[@R01]-[@R06]\]. Systemic conditions are common in the elderly \[[@R01], [@R06]\]. Such conditions, which increase with age, can lead to fragmented fractures of the proximal femur or unstable fractures caused by minor injuries and are considered one of the leading causes of death in elderly people \[[@R01], [@R07], [@R08]\].

A second hip fracture reportedly occurs in 2-10% of elderly patients who have already suffered an initial hip fracture \[[@R03], [@R06], [@R9]-[@R11]\]. The risk factors for first hip fractures have been well established in previous studies \[[@R05], [@R06]\]. Several authors have also attempted to define the possible risk factors for second hip fractures, with osteoporosis and comorbidities suggested to be the primary factors. In addition, compared with the first hip fractures, second hip fractures are associated with high rates of postoperative complication and socioeconomic burden \[[@R12], [@R13]\]. Therefore, a better understanding of the possible risk factors for second hip fractures is important for preventing such cases in the elderly \[[@R07]\].

In this study, we aimed to investigate possible risk factors for second hip fractures in elderly patients with hip fractures.

Materials and Methods {#s2}
=====================

Between 2010 and 2014, 230 patients (121 females and 109 males; 132 right hips and 117 left hips; 19 bilateral hips; mean age: 73.36 years; age range: 65 - 91 years) who underwent uncemented bipolar hemiarthroplasty for proximal femoral fractures were retrospectively analyzed. The patients were divided into two groups: those with a first hip fracture (group 1: 110 females and 101 males; 113 right hips and 98 left hips) and those with a second hip fracture (group 2: 10 females and nine males; 19 right hips and 19 left hips) ([Fig. 1](#F1){ref-type="fig"}).

![(a) Radiographic image of the left femoral neck fracture treated with hip hemiarthroplasty in a 74-year-old male. After 2 months postoperatively, femoral neck fracture has developed on the right side and (b) hip hemiarthroplasty was performed.](jocmr-10-217-g001){#F1}

The exclusion criteria were as follows: pathological fractures or high-energy fractures, concomitant bilateral hip fractures, primary hip fractures or hip fractures secondary to a tumour lesion and metabolic bone disease.

The age and sex of the patients, type of fracture, the American Society of Anesthesiologist (ASA) scores \[[@R14]\], Singh index (SI) \[[@R15]\], time from the hip fracture to surgery, length of hospitalization, and comorbidities were recorded. The University of California, Los Angeles (UCLA) hip scoring \[[@R16]\] assessment was used to evaluate patients' postoperative functional results. The presence of associated comorbidities including cancer, renal diseases and neurological/cardiac/pulmonary/endocrinological conditions was examined.

This study was conducted in accordance with the principles of the Declaration of Helsinki and informed consent was obtained from each patient.

Statistical analysis {#s2a}
--------------------

Statistical analysis was performed using PASW version 18.0 software (SPSS Inc., Chicago, IL, USA). Frequency analysis was performed for categorical variables. The data were expressed as numbers and percentages. The paired Student's *t*-tests and Pearson's Chi-square tests were used to compare categorical data. P \< 0.05 was considered statistically significant.

Results {#s3}
=======

There were no significant differences between groups 1 and 2 in terms of sex and fracture type (sex: χ^2^ = 0.460, P = 0.498; fracture type: χ^2^ = 6.59, P = 1.99). Fracture distributions of the patients were classified according to the AO/OTA classification as follows: in group 1, B1 in 131 patients (62%), B2 in 32 (15.1%) and B3 in 48 (22.7%); in group 2, B1 in 12 patients (63.1%), B2 in four (21%) and B3 in three (15.7%).

The mean follow-up was 18.3 (range: 6 - 30) months. The mean age of the patients in groups 1 and 2 was 79.2 (range: 65 - 102) and 81.3 (range: 70 - 94) years, respectively (P = 0.0068). The mean ASA scores were 2.88 (range: 1 - 4) in group 1 and 2.84 (range: 2 - 4) in group 2: there was no significant difference between the groups (P = 0.2871) ([Table 1](#T1){ref-type="table"}). In group 2, the mean time from the first hip fracture to the second hip fracture was 22.7 months (range: 2 - 68 months). The mean SI in groups 1 and 2 was 2.60 (range: 1 - 5) and 2.42 (range: 1 - 4), respectively (P = 0.138). The SI was categorized into two degrees, namely 1 - 3 and 4 - 6. Moreover, these subcategories did not differ significantly between the two groups (χ^2^ = 0.540, P = 0.463).

###### Demographic Characteristics and Clinical Outcomes

                                                Group 1 (n = 211)   Group 2 (n = 19)   P value
  --------------------------------------------- ------------------- ------------------ ---------
  Mean age, years (range)                       79.2 (65 - 102)     81.3 (70 - 94)     0.0068
  Sex, n (%)                                                                           
    Female                                      110 (52.1)          10 (52.6)          0.498
    Male                                        101 (47.9)          9 (47.4)           
  Mean ASA score                                2.88                2.84               0.2871
  SI, n (%)                                                                            
    1 - 3                                       97 (45.9)           11 (57.8)          0.463
    4 - 6                                       114 (54.1)          8 (42.2)           
  Time from fracture to surgery, days (range)   1.64 (0 - 11)       1.16 (0 - 6)       0.1750
  Mean duration of surgery, min                 71.9                72.63              0.5184
  Mean length of hospitalisation, days          8.99                7.11               0.422
  Mean UCLA score                               14.87               12.49              0.0097

ASA: American Society of Anesthesiologists; SI: Singh index; UCLA: University of California-Los Angeles.

The comorbidities observed in the two groups were not significantly different (neurological: χ^2^ = 0.440, P = 0.614; cardiac: χ^2^ = 4.55, P = 0.54; pulmonary: χ^2^ = 1.272, P = 0.259; endocrinological: χ^2^ = 0.652, P = 0.419) ([Table 2](#T2){ref-type="table"}).

###### Comparison of Comorbidities in Groups 1 and 2

                              Group 1 (n = 211)   Group 2 (n = 19)   P value          
  --------------------------- ------------------- ------------------ --------- ------ -------
  Cardiac diseases            131                 62.0               15        78.9   0.54
  Neurological diseases       32                  15.1               4         21.0   0.614
  Pulmonary diseases          41                  19.4               3         15.7   0.259
  Endocrinological diseases   66                  31.2               9         47.3   0.419
  Renal diseases              19                  9.0                0         0      \-
  Cancer                      5                   2.3                0         0      \-

In groups 1 and 2, the mean time from the first hip fracture to surgery was 1.64 (range: 1 - 11) and 1.16 (range: 0 - 6) days, respectively (P = 0.1750). The mean duration of surgery was 71.9 min in group 1 and 72.63 min in group 2 (P = 0.5184).

The mean length of hospitalization, which was 8.99 (range: 3 - 24) and 7.11 (range: 3 - 14) days in groups 1 and 2, respectively, was not significantly different between the two groups (P = 0.422). The mean postoperative UCLA scores after second hip fractures were significantly lower in group 2 than in group 1 (P = 0.0097).

Discussion {#s4}
==========

We found that the postoperative functional results were significantly lower following second hip fractures. This result can be attributed to the fact that a second injury may increase the possibility of being confined to bed and receiving familial support. Therefore, rehabilitation is essential for patients with second hip fractures in order to ensure that they regain mobility. Although patients usually make a substantial effort to regain functionality and walking ability following hip surgery, reduced ambulatory skills and inadequate adaptation to the rehabilitation program after the first hip fracture may contribute to the occurrence of a second hip fracture.

Hip fractures affect elderly people worldwide and represent a global public health issue \[[@R01], [@R02]\]. Unstable proximal femoral fractures may result from low-energy fractures caused by the increased prevalence of osteoporosis and falls in the elderly \[[@R01], [@R02], [@R08]\]. All fractures represent a significant cause of morbidity and reduced quality of life, and they are also associated with increased mortality rates \[[@R01], [@R02], [@R17]\]. In the elderly patient population, the mortality rate within the first year after a first hip fracture is 10-20% \[[@R01], [@R02], [@R05]\].

Along with comorbidities and osteoporosis, being confined to the bed following a first hip fracture may increase the risk of suffering a second hip fracture \[[@R05], [@R06], [@R13]\]. Yamanashi et al \[[@R04]\] reported that a total of 29 out of 1,000 patients suffered a second hip fracture within the first year of their first hip fractures. Similarly, Hagino et al \[[@R03]\] reported the rate of second hip fractures as 3.4% and Mitani et al \[[@R07]\] reported the rate as 4.3% in their study cohort. The most risky period for second hip fractures is the first year after the first hip fracture and the risk gradually reduces thereafter \[[@R9], [@R13]\]. Half of second hip fractures occur within the first 2 years of a first fracture, whereas 70% occur within the first 3 years \[[@R03], [@R10]\]. In this study, 19 patients had the second hip fracture among 230 hip fracture patients, the rate is approximately 8%, which is consistent with previous studies. We also found that 47.3% of second hip fractures occurred within the first year following the first hip fracture.

Several epidemiological studies have demonstrated that second hip fractures are associated with various risk factors such as neurological diseases, falls, reduced perceived health status, low body weight, physical inactivity, dizziness and osteomalacia \[[@R05]-[@R07], [@R9]-[@R11], [@R13]\]. Yamanashi et al \[[@R04]\] also showed that senile dementia and Parkinson's disease were major risk factors for second hip fractures. In a case-control study, Saxena and Shankar \[[@R10]\] demonstrated that second hip fractures were significantly associated with cerebrovascular accidents, Alzheimer's disease, syncope and blindness. In another study, Mitani et al \[[@R07]\] found that second hip fractures were associated with pulmonary diseases. Angthong et al \[[@R13]\] demonstrated that patients with ophthalmological conditions also had a high risk of suffering second hip fractures. The authors reported that such conditions reduced walking ability and thereby increased the patient's risk of falls.

In contrast to other studies, Lonnroos et al \[[@R18]\] found no significant association between comorbidities and second hip fractures. Similarly, we found that no comorbidities were significantly associated with second hip fractures.

The SI is used to define various processes of increasing losses of the trabecular structures due to disease progression. However, some reports suggest that the SI is of minimal value when predicting hip fractures \[[@R19]\]. Yamanashi et al \[[@R04]\] showed no significant difference in the SI among patients with first and second hip fractures. On the other hand, in their prospective study, Gluer \[[@R20]\] reported that a low SI was a risk factor for hip fracture. Unlike these findings, we found that SI did not differ significantly between the patient groups. In addition, we classified the SI into two degrees, namely 1 - 3 and 4 - 6: we found no significant differences in the subcategories observed in groups 1 and 2.

Age and female gender may be important risk factors for hip fractures \[[@R06], [@R21], [@R22]\]. However, age and sex do not differ in patients with unilateral and bilateral hip fractures \[[@R04], [@R11], [@R23]\]. In a systematic review, Egan et al \[[@R06]\] reported that female gender was not a consistent risk factor for subsequent hip fractures following the first fractures, and they indicated that men and women may be at similar risk of suffering second hip fractures. Dretakis et al \[[@R11]\] demonstrated that a higher number of patients with second hip fractures were older with reduced mobility, and they postulated that a progressive decrease in bone mass might cause more unstable second fractures. In our study, we found no significant difference between the groups in terms of the type of fracture and sex; however, the patients in group 2 were found to be significantly older than in group 1.

We note that this study has some limitations. These include its retrospective design and small sample size. In addition, we did not examine the association between second hip fractures and familial factors, social factors or pharmaceutical preparations. Nonetheless, we believe that our study provides further understanding of the possible risk factors associated with second hip fractures in the elderly.

In conclusion, although there are not certain risk factors for second hip fractures in elderly patients with hip fractures, functional activity should be maintained in elderly hip fracture patients, and physical therapy, medical therapy and orthotic support should be provided. In addition, high-risk patients should be identified and preventive strategies should be developed for this patient population as a part of orthopedic support.

Competing Interests {#s4a1}
===================

The authors declare that they have no competing interests.

Grant Support {#s4a2}
=============

None.

Financial Disclosure {#s4a3}
====================

None.
